Abstract: New installed annual solar photovoltaic (PV) capacity was equal to 76.1 GW in 2016 (+49%), reaching the total of 305 GW around the world. PV sources are able to achieve a greater energy independence, to tackle the climate change and to promote economic opportunities. This work proposes an economic analysis based on well-known indicators: Net Present Value (NPV), Discounted Payback Time (DPBT) and Levelized Cost of Electricity (LCOE). Several case studies are evaluated for residential households. They are based on three critical variables: plant size (1, 2, 3, 4, 5 and 6 kW), levels of insolation (1350, 1450 and 1550 kWh/(m 2 ×y)) and share of self-consumption (30%, 40% and 50%). The profitability is verified in all case studies examined in this work. The role of self-consumption, that is the harmonization between demanded and produced energy, is strategic in a mature market to improve financial performance. A sensitivity analysis, based on both electricity purchase and sales prices (critical variables), confirms these positive results. The Reduction in the Emissions of Carbon Dioxide (ER cd ) signifies an environmental improvement when a PV system is used as an alternative to a mix of fossil fuels. Finally, a policy proposal is examined based on a fiscal deduction of 50% fixing the period of deduction equal to 5 years.
Introduction
The Energy Union Framework Strategy set out the ambition to move away from an economy dependent on fossil fuels [1] . The share of renewables reached 16.7% of the gross final energy consumption of the European Union in 2015 (this indicator is equal to 20% in the Europe 2020 strategy). Furthermore, European countries agreed on a new 2030 Framework on climate and energy, in which is defined to reach at least 27% by 2030 [2] .
The widespread development of renewable energy sources (RESs) is mainly driven by the aim to contrast the climate change and the reduction of greenhouse gas (GHG) emissions, in addition to the reduction of energy dependency that characterizes most European countries [3] [4] [5] . RESs play a key-role in the transition towards a low-carbon economy and are guided by sustainable principles [6] . The sustainability of PV source is a popular topic in literature [7, 8] and the growth of this resource is impressive in the last years. Global solar power market grew by about 49% to around 76.1 GW in 2016, from about 51.2 GW in 2015 in according to data provided by Solar Power Europe. China (45%), US (19%) and Japan (11%) represent three quarters of this installed power capacity. European countries present, on the other hand, a value equal to 6.9 GW, with a 20% decrease compared to the 8.6 GW installed in 2015 (Table 1) . Germany and Italy occupy the third and the fifth position in the ranking of cumulative installed capacity in 2016, respectively. Italy is one of the leading countries in the world in which solar energy contributes largely to the national energetic demand [9] . However, the power installed capacity in 2016 is very low (1%) compared with that installed in China. 3 Fraunhofer ISE (1.2 GW); 4 Anie Rinnovabili (370 MW).
The development of the PV sector is linked to subsidies. They are strategic in developing markets [10, 11] and the share of self-consumption becomes relevant in mature markets [12, 13] . The next years will be characterized by an integration of PV installations in urban areas with the development of models of distributed generation increasing numbers of prosumers (consumers are also producers) [14, 15] . The impacts of climate change, the increasing demand for energy and the diminishing fossil fuel resources have favoured the development of PV technologies in building applications [16] . Economic assessment and policy implications need to be evaluated [17] and the role of residential sector investigated in PV market without subsidies [18] . These assessments required also the definition of environmental improvements [19] .
The literature on investment decisions shows whether to make an investment or not [20] . NPV, DPBT, Internal Rate of Return (IRR), Benefit to Cost Ratio (B/C) and LCOE are the indicators typically used in the PV context [21] . NPV and DPBT are basically used to evaluate residential PV systems [18] , IRR can cause conflicting answers (multiple IRR can occur) when compared to NPV in mutually exclusive investments [22] , B/C permits to translate environmental impacts in economic terms [23] and LCOE is typically used to compare the cost of the energy obtained from different sources [24] . The grid parity is obtained when the solar PV LCOE is comparable with conventional technologies grid electricity prices [13] . The International Energy Agency Report 2015 (projected costs of generating electricity) defines that the costs of generating electricity vary in according to both market conditions and operative conditions of the use of individual technologies. Consequently, it is not possible to define that a technology is the cheapest in different case studies (Table 2) . The sustainability of a PV system is defined also by estimation of the energy and environmental performances. A previous analysis has quantified these values for Italian context: Energy Payback Time (EPBT) is equal to 2.4-3.0 years, Greenhouse Gas Payback Time (GPBT) is equal to 2.5-3.2 years, Energy Return on Investment (EROI) is equal to 6.2-7.9 and Greenhouse Gas Return on Investment is equal to 5.8-7.5 [25] . ER cd permits a comparison between PV source and a mix of fossil fuels [18] . This paper evaluates the profitability of a photovoltaic system for residential households. Discounted Cash Flow (DCF), a well-known methodology, is proposed and three indicators are used: NPV, DPBT and LCOE. The analysis is applied to several case studies that depend on three critical variables: (i) plant size; (ii) levels of solar irradiation and (iii) share of self-consumption. Furthermore, alternative values of both electricity purchase and sales price are considered in according to modifications that will characterize the Italian energy bill. The work is completed by an environmental evaluation through the calculation of ER cd and is defined a policy proposal with relative economic advantageous for consumers.
The paper is organised as follows: Section 2 presents the methodology used in this paper and an economic model is defined to evaluate the profitability of PV system in households. Results in terms of NPV and DPBT are proposed in Section 3 and a sensitivity analysis is conducted in Section 4. Finally, Section 5 proposes a discussion of the results and Section 6 presents some concluding remarks.
Materials and Methods
DCF is a valuation method used to estimate the profitability of an investment opportunity. The determination of an investment's cash flows is based on the incremental approach and an appropriate discount rate is used to aggregate cash flows. This method considers only cash inflows and outflows [12, 26] . NPV, DPBT and LCOE are three financial typically used indicators. The first is defined as the sum of present values of individual cash flows, the second represents the number of years needed to balance cumulative discounted cash flows and the initial investment and the third ascribes all future costs to the present value, resulting in a present price per unit energy value [27] [28] [29] . NPV does not consider the size of the plant and consequently the ratio between NPV and size of PV system is also used.
Italy is a PV mature market, in which subsidies, such as Feed-in-Premium or Feed-in-Tariff, are no longer provided. The Italian Council of Ministers has approved a 50% tax deduction (compared to the usual 36%) for PV systems used to produce electricity for self-consumption and not for commercial purposes. The deduction is divided into ten equal yearly amounts. Furthermore, the Net Metering Service is provided by Gestore Servizi Energetici (GSE), which is the institutional actor responsible for the control of renewable energies plants. It regulates the electricity generated by a consumer/producer in an eligible on-site plant and injected into the grid and the share extracted from the grid [10, 18] .
Three items typically characterize cash inflows: (i) fiscal deduction; (ii) saving energy through internal consumption and (iii) selling energy not used for internal consumption. The first item produces a reduction in the taxable costs in the income statement, while the second in the energy bill. Consequently, they are costs with negative value and so can be interpreted as revenues in according to approach used by [18, 30] . In this paper the purchase price of electricity (that will be evaluated as savings using the PV system) is calculated using market data and the sale of energy is evaluated by increasing the energy price produced and sold to the grid of a certain delta in accordance with a previous paper [31] . Investment costs are the main item of cash outflows, but are characterized by a great reduction in the last years (was equal to 4500 €/kW in residential sector in 2010) [12] . The amount of energy produced is calculated with the approach used by Cucchiella et al. [23] . The mathematical reference model, for the calculation of NPV, DPBT and LCOE, is reported below:
where DCI = discounted cash inflows; DCO = discounted cash outflows; t = single period; CI = cash inflows; CO = cash outflows; E Out = energy output of the system; C inv = total investment cost; C lcs = loan capital share cost; SP el = sale of energy; η f = number of PV modules to be installed and P f = nominal power of a PV module. Other economic inputs, used in this analysis, are defined in Table 3 .
In particular, it is paid a price of 10.9 cent €/kWh compared to 9.8 cent€/kWh for plants that annually feed in the grid a net amount of electricity below the reference value of 3750 kWh. The feasibility of solar systems varies significantly due to the changes in all parameters involved in the economic evaluation [32] . Several case studies are proposed in this paper in according to the combinations of the following variables:
• plant size, in which values that typically characterize the residential sector are selected [33] . Starting with an initial size equal to 3 kW and 6 kW, six plant sizes (1, 2, 3, 4, 5 and 6 kW) are considered.
• levels of solar irradiation, in which Italy presents several insolation levels due to its geographical conformation. Three values are considered for each area of the country [23] . In fact, a northern region (1350 kWh/m 2 ×y in Lombardia), a central region (1450 kWh/m 2 ×y in Abruzzo) and a southern region (1550 kWh/m 2 ×y in Puglia) are evaluated.
• share of self-consumption, that varies in function of consumers' use [12] . Three different values (30%, 40% and 50%) are hypothesized.
Furthermore, the choice concerning these variables is coherent with the survey conducted among several business operators [18] .
From an environmental perspective, the life cycle analysis of GHG emissions from electricity technologies presents a wide range: natural gas 290-930 gCO 2 eq/kWh, oil 510-1170 gCO 2 eq/kWh, coal 675-1689 gCO 2 eq/kWh and photovoltaic 5-92 gCO 2 eq/kWh [34] . ER cd is calculated as the difference between emissions released by a mix of fossil fuels (E FF cd ) and ones produced by PV source (E PV cd ), when is used a PV system in alternative to fossil fuels. This reduction is linked to the amount of energy produced (E Out ):
A previous analysis has estimated the following emissions for an Italian case study: E FF cd = 776 gCO 2 eq/kWh (considering a mix of 45% oil, 44% natural gas and 11% coal) and E PV cd = 49 gCO 2 eq/kWh. Consequently, the reduction in the emissions can be estimated equal to 727 gCO 2 eq/kWh using a PV system alternatively to fossil sources [18] . 
Results
Citizens' awareness of environmental issues has increased sharply in the last years. They want to apply solutions to the changes of ecosystems. However, a citizen is also an investor and consequently, the economic feasibility must be evaluated. In this paper fifty-four case studies are proposed. They depend by the combinations of the following variables: six plants size, three levels of solar irradiation and three different share of self-consumption. NPV, NPV/Size, DPBT and LCOE are calculated for each case study in Tables 4-7, respectively. The profitability is always verified. This work proposes a quantitative analysis and the financial feasibility varies in function of several variables. The maximum value is equal to 1298 €/kW in 4 kW plant located in Puglia with a self-consumption of 50% and the minimum value is equal to 265 €/kW in 1 kW plant situated in Lombardia with a self-consumption of 30%.
The southern regions have more benefits than northern ones, as they enjoy greater levels of insolation and consequently, the financial indicator presents a better performance [23] . The average value of NPV/Size is equal to 626 €/kW in Lombardia considering eighteen scenarios of this region. The increase is equal to 174 €/kW when is evaluated a territory with a level of insolation greater than 100 kWh/(m 2 ×y). In fact, the average value of NPV/Size is equal to 800 €/kW and 972 €/kW in Abruzzo and Puglia, respectively.
The literature has defined also as the self-consumption is the critical variable that influences the profitability or less of a PV system in a mature market without subsidies [12, 13] . Consumers can try to match own consumption with peaks of production solar, but not always this is possible. For example, work commitments or health visits can be valid obstacles to this aim. Consequently, the use of intelligent machinery and/or battery storage is a valid solution [35, 36] . The average value of NPV/Size is equal to 543 €/kW, 804 €/kW and 1050 €/kW, when are considered eighteen scenarios with a self-consumption of 30%, 40% and 50%, respectively.
The optimal configuration of plant size is well described in literature and it depends by the final purpose (technical, environmental, economic or a mix of them) [23, 37] . The average value of NPV/size ranges:
• from 671 € per kW installed for the 1 kW plant • to 860 € per kW installed for the 6 kW plant
Considering for each the respective nine case studies. The unitary cost of investment is the same for all sizes analysed and consequently NPV increases with the size of the plant. However, this is not always verified due to the reduction of the sale price of energy. For example, a 4 kW plant is more profitable than a 5 kW one in seven of nine case studies.
The DPBT results are coherent with the NPV ones. In fact, the profitability is always verified. In the worse scenario, the investor defines the cut-off period equal to the lifetime of the plant and consequently, a DPBT > 20 defines that the investment cannot be recovered within this period. DPBT is equal to 3 years in six case studies, but generally presents interesting values. In fact, it is equal to 4 years and 5 years in seventeen and fifteen case studies, respectively. The choice of third-party funds permits to distribute the investment cost over the years instead to place it in the year zero.
NPV and DPBT define the profitability of a PV system considering both discounted cash inflows and outflows, while LCOE is able not to provide the same result. However, LCOE results obtained in this work are very interesting. They are equal to 0.10-0.11 €/kWh (only 1 kW plant with 1350 kWh/(m 2 ×y) is 0.12 €/kWh). This range is lower than minimal value proposed in Table 2 concerning Italy (0.15 €/kWh) and is similar to one calculated for OECD countries (0.09 €/kWh). In according to existing literature, the reduction of PV investment costs has pushed this technology towards greater competitiveness [21, 24] . A comparison with values of other technologies proposed in Table 2 confirms this evaluation. A useful tool is represented by the analysis of the distribution of discounted cash inflows (Table 8 ) and discounted cash outflows (Table 9 ). In these tables are reported the average values among six sizes analysed. The main item of revenues is represented by the selling of energy only when is evaluated the scenario with the share of energy self-consumption equal to 30%. Previous analysis have defined as the avoided cost in energy bill is the main item in correspondence of 35% and 32% of self-consumption for a 3 kW and 6 kW plants, respectively [18] . Also, in this work the saving energy through internal consumption is equal to 44-45% in scenario with self-consumption of 40% that is greater than 33-34%. This last value is the percentage of revenues produced by selling of electricity. The difference increases when is evaluated a self-consumption equal to 50% (52-54% as avoided cost in energy bill and 26% as selling of energy). Furthermore, these two items are cash flows for all lifetime of the plant, while the fiscal deduction is verified only during the first ten years. Its contribution is relevant and equal to 20-24%. As highlighted in Section 2, the investment cost is the main expenditure item (62-66%). Maintenance cost is the greater among operative ones (16-17%) and the replacement of inverter during the tenth year has a relevant impact on this item. The variation of self-consumption has not a direct impact on operative costs, but an increase of electricity self-consumption determines also a reduction in sold electricity and also the taxes cost are reduced. For this motive, the item "other operative costs" is characterized by lower percentages when is increased the share of self-consumption. 
Sensitivity Analysis
NPV results are based on the assumptions of a set of input variables. Hence, variance of the expected NPV could occur. This limitation can be overcome by implementing a sensitivity analysis on the critical variables [31, 38] . The new electricity tariff will produce changes on two critical variables examined in previous works [12, 18] . The first is the annual electricity purchase price that assesses the reduction of energy costs reported in electricity bill. An increase of this value is a positive scenario for investors. Table 10 . The second is the annual electricity sales price that assesses incomes coming from the selling of energy not consumed. It is applied the same variation of the previous variable. Consequently for each plant size are evaluated the following four alternative scenarios: p s ++ (p s = 13 cent €/kWh); p s + (p s = 12 cent €/kWh); p s − (p s = 10 cent €/kWh) and p s −− (p s = 9 cent €/kWh) when is sold a net amount of electricity lower than 3750 kWh (initial value of p s equal to 10.9 cent €/kWh). If, instead, the reference value is greater than 3750 kWh, all prices are decreased of 1 cent€/kWh (initial value of p s equal to 9.8 cent €/kWh) with p s ++ , p s + , p s − and p s −− equal to 12, 11, 10 and 9 cent €/kWh- Table 11 . Table 11 . Sensitivity analysis electricity sales price-Net Present Value/Size (€/kW). This work proposes four hundred and thirty-two alternative scenarios. They are obtained by the combinations of six plants size, three levels of insolation and three share of self-consumption with four values of electricity purchase price and also with four values of electricity sales price.
The profitability is verified in all scenarios taken into consideration. The maximum and minimum values are verified in the same scenario proposed in Section 3, when the electricity purchase price is increased/decreased of 2 cent €/kWh. They are equal to 1533 €/kW and 143 €/kW, respectively. The aim of this section is give solidity to results obtained in previous section, while is not assigned a probability to single alternative scenarios. This quantitative analysis offers a photography, in which is illustrated the change of NPV in function of electricity sales and purchase prices.
An increase of about 1 cent €/kWh of electricity purchase price determines the increase of NPV especially in case studies characterized by a greater amount of energy self-consumption. In fact, from the perspective of levels of insolation this increase is equal to 70 €/kW in Puglia, 66 €/kW in Abruzzo and 62 €/kW in Lombardia, when is considered a self-consumption of 30%. From the perspective of harmonization between consumption and production of energy the increase of NPV/Size, with a level of insolation of 1550 kWh/(m 2 ×y), is equal to 117 €/kW, 94 €/kW and 70 €/kW for a rate of self-consumption of 50%, 40% and 30%, respectively. These values are verified for all sizes examined considering the model proposed in Section 2, in which the variable assumes the same value and presents a linear relationship with relative revenues.
An increase of about 1 cent €/kWh of electricity sales price produces the increase of NPV especially in case studies characterized by a lower amount of energy self-consumption. This increase is not the same for all sizes analysed and it depends by two different prices of selling that change during the lifetime of PV investment. For example, when is evaluated a 1 kW or 2 kW or 3 kW plant with a self-consumption of 30% (reference value equal to 12 cent €/kWh) and a 6 kW plant always with the same self-consumption (reference value equal to 11 cent €/kWh), NPV/Size increases of 64 € per kW installed. In a 4 kW o 5 kW plant, instead, the change is equal to 108-113 €/kW.
Discussion
A comparison with existing literature, that analyses case studies of the same country, highlights that the investment in PV plants is characterised by a moderate profit and a low risk. A summary of economic values reported in literature is as follows: 716-913 €/kW [12] , 1804-2386 €/kW [39] , 1101-3312 €/kW [23] and (−1300)-3300 €/kW [33] for a 3 kW plant. Considering instead a 6 kW plant, NPV/Size is equal to 565-2000 €/kW [23] and 250-2000 €/kW [33] . A review on the various PV incentive systems has defined an average NPV equal to 9570 €/inhabitant under a feed-in premium tariff in 2012, 5906 €/inhabitant under an all-inclusive feed-in tariff in 2013, 2065 €/inhabitant under a 50% tax deduction in 2013 and 2380 €/inhabitant under both 50% tax deduction in 2014 with a reduction of investment costs [40] . Also, DPBT proposes interesting values with existing literature: 3-12 years [12] , 4-8 years [41] and 7-15 years [21] . The case studies proposed in this work show that the profitability can reach very interesting values and consumers also play a key-role. In fact, NPV is significant when an alignment between consumption and production of energy is obtained considering furthermore the reduction of PV investment costs.
An increase of energy bill is seen with behaviour by the citizens, which is justified by the sector operators to balance the higher costs. The components of the energy bill are several and their cost varies in function of time bands. On the one hand, consumers' responsibility can be enhanced making their own economic benefits coincident with the national energy strategy. On the other hand, a country can opt to achieve not only its energy and environmental targets, but also to play a leading role towards establishing a model based on a circular economy. Italy has already reached the 2020-target fixed by the European Union in terms of energy from renewables in gross final energy consumption in 2014, but offers a great potential to reach further sustainable objectives [4] .
From an environmental perspective, ER cd varies from 19.6 to 22.5 tCO 2 eq per kW installed during the whole lifetime of a PV investment (20 years)- Table 12 . In fact, for example the electricity produced by a 1 kW plant in Abruzzo is equal to 1560 kWh/y. Considering a decrease of productivity during the lifetime (see Table 3 ), it is possible to calculate the total energy produced by this system in 20 years. It is equal to 28,936 kWh. Multiplying this value for the unitary reduction of emissions equal to 727 gCO 2 eq/kWh-see Section 2 (electricity produced by fossil fuels replaced by one obtained by PV systems), it is calculated the environmental indicator equal to 21 tCO 2 eq. The environmental analysis, like the economic one, depends on the assumptions of the input variables. Alternative scenarios show the reduction in the emissions can vary from 687 to 777 gCO 2 eq/kWh using a PV system as an alternative to fossil sources [18] and consequently, the final value of ER cd is also modified. It ranges from 18.5-20.9 tCO 2 eq per kW installed in Lombardia, 19.9-22.5 tCO 2 eq per kW installed in Abruzzo and 21.3-24.0 tCO 2 eq per kW installed in Puglia.
This paper verifies that the aims of environmental protection and economic profit can co-exist investing in PV systems under the perspective of a residential consumer and the development of RES contribute in a significant way to reach a greater energy independence, especially for a country characterized by a low production of fossil fuels. Future research directions are aimed at improving the diffusion of PV systems. From an environmental perspective, technological evolution can improve the performance of these systems and reduce the emissions of manufacturing processes relative to the production of PV system components. Also, their recycling is crucial for a perspective that analyses the lifecycle of a product. From the economic side, the integration of PV plants with battery storage or heat pumps permits one to increase the percentage of self-consumed energy. PV is a policy-driven market [42] . Subsidies cannot be seen as a perpetual assistance and consequently they are typically removed once a sector achieves maturity. Fiscal deductions are a useful policy adopted by a government that does not cause higher costs for citizens [43] . In this direction, a previous study has evaluated two tools to favour PV investments in the residential sector: (i) a rate of fiscal deduction equal to 50% (instead of 36%) and (ii) a period of deduction equal to 5 years (instead of 10 years) [18] .
The first point is evaluated in baseline scenario (see Table 3 ), while the analysis of the second point completes this work. If the tax return of a consumer permits a reduction of this period, the revenues are concentrated in the early years determining an increase of NPV and an improvement of DPBT. Both are proposed in Tables 13 and 14 , respectively. 
Conclusions
Solar PV generates renewable electricity by converting energy from the Sun. Its energy is intermittent and depends on the weather conditions. PV sources present lower levels of production than other RESs. However, PV is a relevant player in the global electricity market as highlighted by its notable growth in the last years all over the world. This topic is timely and multidisciplinary. This work shows economic profits in residential sector, but also environmental advantages. Furthermore, a policy proposal is suggested.
Several countries aim to delete or reduce subsidies given to PV systems. Business operators can apply for a reduction of investment costs by proposing specific business plans for consumers, but the sector is not always able to restart. Italy is an example, in fact it is fifth country globally for installed PV capacity in 2016, but the power installed in the last years after the end of subsidies is low.
The residential sector permits all citizens to improve their quality of life in terms of reduction of GHG emissions. Plant sizes from 1 kW to 6 kW are analysed in this work and the financial indicators are very interesting. Certainly, they are lower than ones obtained during the subsidy period (in particular when the incentive was given for energy produced, but also to incentives linked to the energy fed into the grid). Actually, the profits increase significantly with an alignment between the amount of demanded and supplied electricity.
LCOE is equal to 0.10-0.11 €/kWh and a comparison with other technologies underlines the fact that the PV source can be competitive. Furthermore, the profitability is verified in all case studies. In our baseline scenario, NPV ranges from 265 to 1298 €/kW and DPBT is typically equal to 3-5 years. Sensitivity analysis, in which both electricity purchase and sales price are changed, confirms these results. Furthermore, a policy proposal can be an attractive measure for the sector. The period of deduction can be fixed also equal to 5 years and the unitary tax deduction is maintained equal to 50% (NPV ranges from 363 to 1396 €/kW and DPBT is equal to 2 years). Finally, ER cd varies from 19.6 to 22.5 for each kW installed during the 20 years of useful life of the investment. The eco-efficiency indicator (PREM) ranges from 201 to 822 €/tCO 2 eq. Finally, PV investments increase the energy independence of a country and the installations of these systems produce a positive environmental improvement and offer economic opportunities.
